The Forest Service of the U.S. Department of Agriculture is dedicated to the principle of multiple use management of the Nation's forest resources for sustained yields of wood, water, forage, wildlife, and recreation. Through forestry research, cooperation with the States and private forest owners, and management of the National Forests and National Grasslands, it strives-as directed by Congress-to provide increasingly greater service to a growing Nation.
Introduction
This systematic, sample-based field inventory on Guam was the first of its kind to be conducted across the island to establish estimates for the area of forest types, tree size distribution, volume, biomass, and damages for living and dead trees. It was designed to provide resource managers with information about the current situation so they can better manage their forested and nonforested lands and, after remeasurement, better manage or mitigate any changes in the resource. Empirically based knowledge of the status and trends in forest vegetation can help managers plan sustainable supplies of wood, control invasive species, control erosion, and manage disturbances such as fire and animal damage.
Objectives
1. Estimate the area of forest land by forest type group and stand size class.
2. Estimate the volume, biomass, and carbon storage for tree species by diameter class.
3. Estimate the numbers of trees affected by damaging agents, such as insects and diseases, and estimate the number of dead trees.
4. Share measurement and analysis techniques among groups involved in the inventory.
Methods

Site Description
The island of Guam is the largest and farthest south in the north-south sweeping 
Vegetation Types
The vegetation of Guam was categorized (Mueller-Dombois and Fosberg 1998) according to the major underlying soil types: (1) northern limestone vegetation,
and (2) (Fosberg 1960) .
Volcanic Types
The southern, volcanic half of the island is vegetated with a mix of grassland and patchy forest. The forest tends to follow topographic features, such as river drain- (Fosberg 1960) . Areas of swamp, mangrove, and marsh are also found on Guam. Regions of barren, eroding soil are prevalent in the southern part of the island.
The erosion problem is being addressed individually by multiple agencies and coordinated jointly through a multiagency consortium working on the vegetation strategy for southern Guam (Bell et al. 2002) .
Field Methods
This inventory was based on the national FIA inventory design that was imple- 
Analysis Methods
The FIA estimates of forest land are based on a system that uses aerial photography or satellite imagery to define different types of land (strata) across the landscape. The simplest stratification is separating land into forest and nonforest strata.
However, stratifications can be assisted or refined by using ancillary data such as topography, soil information, life zone or climatically based information, and prior inventories of vegetation groups.
The Guam stratification was conducted via a classification of 2002 IKONOS satellite data, masking out and replacing clouds by using aerial photography taken sum the acreage of limestone and volcanic forest types. From this limestone/ volcanic stratification, field plot condition types were expanded to the landscape level. The acreage each field plot represents was derived by dividing the total acreage of forest in each of the limestone and volcanic soil types by the number of field plots that fell within the geographic bounds of that specific type. Average stand size was expanded from the plots to the landscape level by using the same expansion factors. The forested areas on our initial land cover classification will be further refined into more detailed forest types in an ongoing project by the USDA Forest Service, Pacific Southwest Region, Remote Sensing Laboratory.
Wood volume was estimated for individual trees by using tree height and two stem diameter measurements. These measurements are expanded to tree-level volume estimates by using equations for sections of a cone. Both gross stem volume and net stem volume estimates were calculated. Net stem volume subtracts damage and rotten defects from gross stem volume. Biomass for individual tree stems was estimated by using the specific gravity for known species (31 out of 50 species measured on Guam have known specific gravities). For species where specific gravity was not known, an average specific gravity, according to forest type, was used.
These estimates of aboveground tree biomass are derived from bole volume and include only biomass for the main stem, excluding branches, roots, and foliage.
An additive combination of relative density and relative basal area (importance value IV) was used to classify forest types and assess the species dominance in a stand. Traditional site productivity estimates require forest stand age, derived from the annual rings of forest trees. Because tropical trees do not produce consistent annual rings, a modified topographic relative moisture index (TRMI) (Parker 1982) was used as a proxy for site productivity. The TRMI used a weighted, additive combination of slope steepness, slope shape, and slope position to assess the potential moisture retention in a forested stand. The TRMI serves as a proxy for productivity until we can obtain growth rate data from remeasurement of these plots. We recognize moisture is not likely to be the only factor limiting tree growth and that an excess of moisture can be detrimental to tree growth.
Reliability of FIA Data
The area of land cover types mapped from the IKONOS classification was assumed to be accurate and was used as the basis for the expansion of the numbers of trees, tree volume, and tree biomass from the plot scale to the forest-type scale. Possible sources of error not accounted for in our estimates include errors in the land cover map owing to incorrect interpretation of the image, errors from rounding when working with pixel-based imagery, and measurement errors on field plots. Standard errors for the expansion of our estimates from field plots to the forested landscape were calculated according to the proportion of area occupied by either volcanic or limestone forest types. Volcanic and limestone forest areas were treated as known rather than estimated, and variance was calculated by using methods in Cochran (1977) . Using one standard error as our basis for evaluation gives a 68 percent chance that the true total gross tree stem volume on Guam lies between 83,229,532
and 99,520,878 cubic feet. There is a 68-percent chance that the true number of trees (>1 inch diameter) on Guam lies within the range of 68,809,072 to 84,733,366.
Resource Highlights
Land Cover However, when basing potential productivity on topography, one must consider that limestone soil and parent material quickly drain water owing to high porosity.
This may lead to an overestimate of productivity depending on the moisture-holding capacity of the soil. Sixty percent of the area of volcanic forest was classified as moderately high productivity or higher ( fig. 6 ).
Forest Structure
Stand size class summarizes the predominant diameter of all live trees in a forested condition. In Guam, trees tend to be somewhat small in diameter, with the majority of forested area having trees in the 5-to 10.9-inch category ( fig. 7) . No stands were sampled in this inventory for the 20+ inch category. Such large-diameter stands are expected to be rare on Guam owing to frequent disturbance by typhoons.
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Biomass total, all classes: 1,000,200 tons Figure 10 -Small-diameter trees account for the greatest relative share of biomass in Guam's forests. 
Number of Canopy and Understory Species
The field sample of this inventory considers both overstory and understory vegetation. Understory vegetation cover was surveyed on field plots for individual species that occupy at least 3 percent cover on an entire subplot (tables 11 and 12). Relatively rare species are not documented on plots unless they have been identified as a special-interest species by island foresters. More species were found in the limestone forest sample than in the volcanic forest sample ( fig. 11) . However, the limestone sample area was over twice the area of the volcanic forest sample, and the number of species found tends to increase with the area sampled. These species figures are only a rough estimate of cover and species counts for the most common plants. Stone (1971) details 931 species in the flora of Guam.
On a per-plot basis, using the sum of FIA subplot area of approximately onesixth of an acre (summing four subplots at 24-foot radius = 7,238 square feet), the distribution of tree species numbers reveals a pattern of a relatively high number of species per plot ( fig. 12 ). Plots where only one or two species are found are often plots dominated by the widespread Hibiscus tiliaceus, Casuarina equisetifolia, or the recently broadcast (aerial seeded after World War II) Leucaena leucocephala.
Tree Damage and Mortality
We estimate that about 20 percent of the individual trees on Guam have been damaged (table 13) . These damages include mechanical damage from storms and people, diseases, insects, decay, and damage by other plant species. Approximately one-third of the damaged trees show signs of decay with visible growth of woodrotting fungus (conks) ( fig. 13 ).
Tree damages are categorized according to causal agents. Because a tree can exhibit secondary damages caused by another agent, we have classified damages according to frequency for the primary and secondary damage agents. Thirty-six percent of primary tree damages in Guam forests are attributed to weather ( fig.   14) . Damage caused by other vegetation, insects, and diseases follow in declining frequency for primary damage types. Insects frequently play a secondary role following damage or weakening by another damaging agent ( fig. 15 ).
Tree damages can contribute to mortality at different rates for different species.
Some species are more sensitive than others to insects, some to fungal, viral, or bacterial pathogens that gain entry into plant tissues through mechanical wounding.
Overall, about 2 percent of the trees in our sample were dead. However, by species, the percentage dead ranges as high as 33 percent for breadfruit trees (Artocarpus altilis) in the inventory ( fig. 16 ). 
Metric Equivalents
